With the advent of direct bypass surgery, the dramatic clinical responses in some patients has been followed by enormous Early attempts at direct coronary surgery were sporadic, involved the use of patch graft technics, and for the most part were confined to the right coronary artery." 2 Patch grafting of the left coronary artery was associated with Circulation, Volume XLVI, 
excessive mortality and was rapidly stopped. 3 Under any circumstance, the patch graft was limited to a short segment of disease in the proximal part of a large dominant artery and the high late failure rate of the patch technic was not encouraging.
In experimental studies, methods to apply aortocoronary grafts were investigated and reported at least as early as 1960. 4 Clinical application of aortic-coronary vein grafts began in 1964, but despite a good clinical result further study or use of the technic remained surprisingly dormant for several years. 5 Favaloro, in 1967, began using veins for reconstruction of the proximal right coronary artery, with the method being primarily an interposition technic in which a vein was attached to the proximal and distal coronary in an end-to-end manner. 6 It was the first method used in any significant number of patients and demonstrated the feasibility of the use of vein as a coronary substitute, but it had major drawbacks in that it was limited to the dominant right coronary artery which was large and had a short segment of disease proximal to the marginal branch.
The major factor inhibiting the development of coronary surgery was the assumption that the heart, and especially the heart with coronary artery disease, would not well tolerate anoxic arrest. This fear of anoxic arrest has persisted until relatively recently,5-7 even though many have confirmed the early experimental studies which demonstrated its value in performing aortic-coronary bypass.4 ' 8-11 The clinical recognition that the coronary heart does tolerate anoxic arrest well was the major factor allowing vein grafts to be attached to smaller distal coronary arteries in all areas of the heart with end-to-side anastomosis making the left coronary artery equally as accessible as the right for direct revascularization.9' 12 Time limits for anoxic arrest are not defined, and probably never will be, but certainly periods of 30-40 min at normothermia are tolerated without difficulty.10 Since it is technically easier, performing the distal anastomoses in a dry, quiet field probably increases the patency Circulation Patients with such diffuse coronary disease that not even one bypass can be inserted are rare and make up less than 1% of the coronary population.16 Much more frequent are patients with multiple diffuse lesions that cannot all be corrected with vein grafts. Some arteries are too small to bypass with consistent success. Particularly common in this regard is the circumflex that divides into three or four small marginal arteries instead of forming one or two large marginal branches. It is in this situation that the Vineberg procedure can be useful. While rarely used alone, it does offer potential to supply blood to areas of the heart not accessible to vein grafts. While not comparable to direct bypass, when implants work, they appear to improve year by year, a condition clearly not occurring in vein grafts. Physiologic studies leave little doubt that artery implants into the myocardium can contribute to myocardial function in some instances.17, 18 The patch graft technic is now rarely used and is probably useful only in patients without veins. In patients with two areas of disease in one artery, a vein can often be used as a patch graft over the second lesion while bypassing the first block, thus preserving flow above and below the secondary area of disease.9 A distal 1MANLEY, JOHNSON end-to-side anastomosis, followed by a side-toside anastomosis more proximally to a separately blocked area of the coronary system, is another variation of technic that increases the versatility of the vein bypass method.
The direct mammary artery-to-coronary bypass, described by Kolessov and popularized by Green 23 The patient who had angina but has now lost it and has a diffusely poor ventricle, is a particularly poor and unacceptable risk. As a generalization, the worse the angina the better the surgical risk. As previously mentioned, the relation of angina to vein graft patency or adequacy of revascularization is not readily apparent from most reports, but in Milwaukee it is definitely related to graft patency and ability to perform satisfactory revascularization. Return of angina pectoris that had been relieved after surgery was definitely related to graft closure or progression of coronary vascular disease. Thirty percent of all repeat coronary bypass graft surgery has been related to progressive coronary disease rather than to graft failure. Angiographic diagnosis is essential in any postoperative patient with recurrent symptoms.
More satisfactory and objective with regard to evaluation of relief of angina following bypass surgery is an assessment using stress. The production of angina is usually (but not always) related to ventricular performance, and the interrelationship between the two has never been easy to explain. Relief of angina and improved hemodynamic performance during stress must be related to improved oxygen supply to the heart or reduced oxygen demand. Major 89 Experimentally, chronic ischemia without actual cell loss has also been shown to decrease myocardial contractility by causing a decrease in myocardial length-tension curves and the first derivative of tension in the ischemic areas. Elevations of resting tension in the ischemic areas have also been noted, produced according to the Frank-Starling principle.89 90 There are only a few clinical observations that suggest correlation with the experimental work.91-93 During a period of coronary insufficiency, the ischemic myocardium functions on a depressed length-tension curve with more tension developed to achieve the same active tension. This results in a rise in the left ventricular end-diastolic pressure. Even without scar and fibrosis, chronic ischemia could thus lead to ventricular dilatation and rise in end-diastolic pressure with the clinical expression of heart failure.
The rationale behind the surgical (bypass) treatment of heart failure is related to the potential reversibility of chronically ischemic myocardium. There is experimental evidence to support such a concept.90' 94 It is obvious that revascularization cannot improve myocardial contractility in areas of diffuse scar or fibrosis. Excision of significant areas may result in functional and clinical improvement, but evaluation of these areas and their significance is often difficult. As has been noted, it is difficult to determine preoperatively whether failure is due to chronic ischemia, and here the association of failure and angina is of some predictive value that viable myocardium is present. Other more reliable methods of identifying ischemic myocardium need to be developed.
It is very difficult to assess results in patients with mild failure as compared to moderate or severe failure, and probably the wide variability of reported results is a reflection of this. Improvement in left ventricular failure appears to occur in about 50% of patients. The same status may remain or actually deteriorate (by the above criteria) in 50% whose bypass grafts were patent.84' 9 96 In patients with left ventricular failure preoperatively where one or more grafts were shown to be closed, more severe failure postoperatively often was present. [96] [97] [98] There have been several reports of improvement in ventricular contraction as evaluated angiographically (e.g. ejection fraction).99-101 As might be expected, when the ejection fraction is normal preoperatively, it usually remains normal postoperatively. When ejection fraction is abnormal preoperatively and grafts are patent, some improve and some do not. This is as might be expected in a Circualaion, Volume XLVI, December 1972 scarred ventricle. With closure of grafts ejection fraction may worsen, especially with myocardial injury. 102 Improvement in ventricular contraction following bypass surgery as evaluated by analysis o f velocity measurements, for example, has been limited and has certain inherent difficulties that remain to be overcome. [103] [104] Postoperative improvement in coronary flow has been reported in patients undergoing bypass surgery as evaluated by the xenon, rubidium, and coincident-counting methods, and by roentgen videodensitometry.88 105, 106 The number of patients reported is small, with all methods requiring further evaluation and confirmation.
Improvement in myocardial metabolism has been demonstrated in small numbers of patients.107' 108 One such group was studied by Brachfeld and Carlson during stress-induced (pacing) hypoxia with measurement of coronary sinus lactate.
Comments
There have been many surgical procedures proposed and performed as treatment of coronary artery obstruction. None has been as exciting and promising as the bypass graft procedure. There can be little question that within limits the surgery can be performed with an acceptable risk, that angina is relieved if grafts remain patent, and that ventricular performance (function) improves if preoperative contraction is not badly impaired and nearly complete revascularization is achieved. Supportive data are accumulating that coronary flow and myocardial metabolism are also favorably affected. It is also evident that some patients with heart failure improve as a result of bypass revascularization, but many appear unimproved and some are worse. Those who are worse usually have demonstrated graft closure.
At the present time, patients with significant angina associated with mild heart failure and mildly decreased contraction that is not so severe as to greatly raise operative mortality 
